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(54) SEMICONDUCTOR DEVICE 

(57)Abstract: 

PURPOSE: To prevent a soft error from being produced 
by alpha rays by forming a p-n junction semiconductor 
layer between both the collector layer and SBD portion 
of an HBT and a substrate. 

CONSTITUTION: After Si ions are selectively implanted 
in a semiinsulative GaAs substrate 10 by using a photo 
resist as a mask, annealing is performed and the Si ions 
are activated to form an n-type buried layer 9. Then, Be 
ions are selectively implanted in a position wherein Si 
ions are implanted by using the photo resist and 
annealing is performed to activate the Be ions and form 
a P-type buried layer 8 whereby a p-n junction is 
formed. The layers 8 and 9 are so formed as to cover at 
least the n-type collector layer 12 of an HBT 100, an 
SBD 101 and the connecting portion of the collector 
layer 12 and the SBD 101 in a planer fashion. Thus, a 
soft error rate due to alpha rays is reduced as compared 
with conventional memory cells. 
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SPECIFICATION 

1 . Title of the Invention 
Superconductor device 

2. Claims 
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3. Detailed Description of the Invention 



Field of the Invention 

The present invention relates to a semiconductor device, and in 
particular relates to a semiconductor device that is suitable for 
preventing alpha ray soft errors from occurring. 

Description of the Related Art 

Conventionally, the desired constitution of heterojunction bipolar 
transistors (HBT) employing a gallium arsenide (GaAs) or 
aluminium gallium arsenide (AlGaAs) heterojunction has been 
obtained by means of the molecular beam epitaxy (MBE) method, 
as seen on page 99 of the 1985 IEEE GaAs IC Symposium, in 
which, after the sequential crystalline growth of an n type collector 
layer, p type base layer, and n type emitter layer on a 
semi-insulating GaAs substrate, an electrode process etc. is carried 
out thereon. 

Problems to be Resolved by the Invention 

The present inventors employed the conventional art described 
above and constructed 1-I6K bit static random access memory 
(1-1 6K SRAM) with Schottky barrier diode (SBD) load-switching 
memory cells, using a typical ECL (emitter coupled logic) circuit. 
Due to the alpha ray particles of the multiple mega electron volts 
(multiple MeVs) being primarily emitted from the SRAM package, 
a portion of the information stored in the memory was lost It was 
discovered that alpha ray soft errors occur similarly in Si-MOSFET 
SRAM and in SRAM that employs Si bipolar transistors. 

As a result of determining the cause of alpha ray soft errors, the 
following facts became clear. 

The alpha rays of the multiple MeVs being emitted from 
packages etc. stop after reaching a distance of at least 10um from 
the surface and generate approximately 10 3 electrons and hole pairs. 
Furthermore, the charge pair generation rate is greater directly 
before energy loss due to conflict with Ga and As atoms is stopped, 
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compared to the period of high energy directly after incidence, 
similar to an event in which Si is employed (see, for example, D.S. 
Yaney et al, IEEE Ed. 26, No. 1 1977, pp. 10-16). 

Specifically, a large portion of the load generated due to alpha 
rays occurs in the semi-insulating GaAs substrates formed of 
semiconductor elements. The charge pairs generated in these 
substrates spread diffusely, but when they reach the depletion layer 
between the semi- insulating GaAs substrate and n type collector, 
the electrons are drawn into the collector layer due to the electrical 
field in the depletion layer. 

In contrast, holes are repelled by means of the potential barrier. 

Because n type collector layers are nodes that store memory cell 
memory potential, in the event of an off-transistor collector, the 
base potential of the on-transistor decreases, and the on-transistor 
faces towards off This is the primary cause of information 
destruction. 

Further, because actual memory cells include resistance memory 
cells (excluding transistors), SBD memory cells, etc., noise current 
from the alpha rays flows into the non-transistor portions thereof, 
and it is thought that there are cases in which this affects the 
collector potential of the memory cell or transistor. 

Specifically, the necessity for some sort of measures against 
alpha ray soft errors when applying HBT to actual SRAM arose. 

The present invention aims to prevent alpha ray soft errors from 
occurring when applying HBT or other semiconductor elements to 
actual SRAM etc. 

Means for Solving the Problems 

The aim of the present invention described above was achieved 
by inserting GaAS containing a p-n junction between the collector 
layer and semi-insulating GaAs substrate, and inserting a 
semiconductor layer containing a p-n junction underneath the SBD 
(Schottky barrier diode) in the event of an npn type HBT. This p-n 
junction is typically applied a reverse bias and used in a memory 
cell. It is also possible to selectively form this p-n junction in the 
GaAs wafer by means of an ion -implantation technique, etc. 
Further, in the event of a pnp type HBT, an n-p junction is given a 
negative bias and inserted between the collector layer and substrate. 

Operation of the Invention 

By employing such a constitution, the flowing of electrons and 
hole pairs, which are formed in the substrate due to alpha rays, into 
the collector or SBD is stopped. Specifically, the atoms are 
absorbed into the n layer of the p-n junction, and removed to the 
exterior from electrodes (connected to the n type layer) formed on 
the exterior. Meanwhile, a portion of the holes are repelled to the 
weak potential barrier of the n type layer and semi-insulating 
substrate, while another portion is absorbed into the p type layer in 
the p-n junction, and removed to the exterior through the exterior 
electrodes connected to the p layer. As a result, nearly all electrons 
and hole pairs generated in the substrate are removed to the exterior, 
and hence no longer cause the memory cell to malfunction. 

Working Examples 

The present invention shall now be further described according 
to various embodiments. 

Embodiment 1 

Embodiment 1, in which a memory cell was formed using a 
GaAs/AlGaAs heterojunction and npn type HBT and SBD, shall be 
described with reference to FIG 1 (a) and (b). 

After Si ions were selectively implanted at an accelerating 
voltage of 200keV and dose volume of 3xl0 13 cm" 2 in a 
semi-insulating GaAs substrate 10 by using a photo resist -(film 
thickness: 1.6um) as a mask, the photo resist was removed, and 
Si0 2 was deposited at a thickness of 3000A with the CVD method. 



Annealing was then performed in an H 2 atmosphere for 20 minutes 
at S00°C and the Si ions were activated to form an n type buried 
layer. 9. Then, after removing the Si0 2 , Be ions were selectively 
implanted at an accelerating voltage of 50keV and dose volume of 
5x]0 ,3 cnf 2 in a position wherein Si ions are implanted by using the 
photo resist. After the photo resist was removed, and Si0 2 was 
deposited at a thickness of 2000A with the CVD method. 
Annealing was then performed with the lamp annealing method for 
10 seconds at 950°C and the Be ions were activated to form a p 
type buried layer 8, whereby a p-n junction was formed. The p type 
buried layer 8 and n type buried layer 9 were so formed as to cover 
at least the n type collector layer 12 (and the extending portion 
thereof) of an HBT 100, a Schottky barrier diode (SBD) 101, and 
the connecting portion of the collector layer 12 and the SBD 101 in 
a planar fashion. Further, in order for control . electrodes to be 
formed on both the p type buried layer 8 and n type buried layer 9, 
ions were implanted in such a way that areas therefor were secured. 

Next, after the Si0 2 was removed, the surface was etched to a 
thickness of 300A, and the device was placed into an MBE 
(molecular beam epitaxy) preparation room. Substrate heating was 
performed, and smudges on the wafer surface were removed. 

An undoped GaAs buffer layer (a p layer at a level of ~l0 +|4 cnV 3 
is typical) 11 was formed with MBE crystalline growth at a 
thickness of 8000A, and an n type GaAs corrector layer 12 
containing 2xl0 13 cm~ 3 Si was formed at a thickness of 6000A. Next, 
a corrector layer 13 containing 5xl0 15 cm" 3 Si was formed at a 
thickness of 3000A, a base layer 14 containing 8xl0 15 cm" 3 Be was 
formed at a thickness of 2000A, and an n type Al x Gai. x As emitter 
layer (x = 0.3) 15 containing 2xl0 13 crn 3 Si was formed at a 
thickness of 2000A. An n type GaAs layer 16 was then formed by 
means of crystalline growth at a thickness of 3000A with a 
comparable doping level (FIG 1 (a)). 

Crystalline growth layers 12, 13, 14, 15 and 16 have 
constitutions formed of typical HBT, and it is beneficial, in devices 
other than that exemplified in the present embodiment, to employ a 
means for grading the A) mixed crystal between the emitter bases, 
or to employ a means for effectively generating an electric field 
within the base layer and grading the Al mixed crystal, in order to 
speed up the HBT. This is beneficial in the present embodiment as 
well. 

Next, using a typical process method, an Si0 2 CVD film 33 was 
deposited by means of a dry etching process at a depth of 3um, 
deeper than the buried layers 8 and 9 within the substrate, in order 
to interelementally separate. An emitter electrode 20, base electrode 
21, and collector electrode 22 were also formed by means of a dry 
process: The SBD was formed by means of directly forming a gate 
metal (Al, Ti/Pt/Au, or Mo/Au) 24 on the n collector layer 13. The 
resistor connected to the collector layer can be formed on the 
surface using Poly Si, but this is not shown in the present 
cross-sectionai view (FIG 1 (b)). This resistor can also be formed 
by using the base layer 14. The control electrodes facing the p type 
buried layer 8 and n type buried layer 9 can also be formed by 
means of dry etching. . . 

The control electrodes 28 and 29 for buried p layer 8 and n layer 
9 are shown in the partial plan view (FIG 1 (c)) and cross-sectional 
view (FIG. 1 (d)) of the memory cell. As shown in the plan view, p 
type buried layer 8 and n type buried layer 9 are respectively 
formed in such a way that they surround the collector portion, SBD 
portion collector and SBD junction portion, and the inflow of 
atoms and holes generated by alpha rays is prevented by means of 
the p type buried layer 8 and n type buried layer 9. Epilayer 27, 
formed by means of MBE, is then completely removed, groove 
cutting is performed, and interelemental separator layer 33 is 
provided. 

Mo/Au was used for wires 1 , 2, 3, 4, 5 and 6. 

By realizing a memory cell with such a constitution, the rate of 
conventional alpha ray soft errors was decreased by 4 digits. 
Further, because a completely depleted buffer layer 11 was formed 
between collector layer 12 and buried layers 8 and 9, the parasitic 
capacitance due to the buried layers 8 and 9 increased by less than 
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10%. 

Although a barrier against atoms and holes generated by alpha 
rays and a p-n junction as an absorber layer are selectively formed 
in the substrate in the present embodiment, other methods are also 
possible. For example, it is also possible to form epilayers 11, 12, 
13, 14, 15 and 16 after forming an n type buried layer 9 on 
substrate 10 at a thickness of 4000A with the same doping level as 
collector layer 12, and a p type buried layer 8 at a thickness of 
4000A with the same doping level as base layer 14. 

Embodiment 2 

The present embodiment, wherein the present invention was 
applied to a pnp type 2DEG-HBT using a two-dimensional electron 
gas for the base layer, is shown in FIG 2 (a) and (b). 

First, a p type buried layer 49 and n type buried layer 48 were 
selectively formed within semi-insulating GaAs substrate 10. 
Specifically, by using the focused ion beam method, after Be ions 
were selectively implanted at an accelerating voltage of lOOkeV 
and dose volume of 8><10 l3 cm" 2 , lamp annealing was performed in a 
N 2 atmosphere for 5 seconds at 1000°C and the Be ions were 
activated to form a p type buried layer 49. 

Then, by using the focused ion beam method in the same fashion, 
Si ions were implanted at an accelerating voltage of 70keV and 
dose volume of 3* 10 l3 cm"\ lamp annealing was performed for 15 
seconds at 900°C, and an n type buried layer 48 was formed. Next, 
the wafer was moved within an ultrahigh vacuum. 

Using the MBE method, undoped GaAs layers 5 1 and 52 were 
then grown to a thickness of 2um. These typical layers 51 and 52 
were then made into p" layers at 10 l4 cm" 3 or less. It is possible, 
however, to convert 51 to an n" layer or 52 to a p" layer, in 
accordance with the purpose of the device. Using the focused ion 
beam method, Be was implanted at an accelerating voltage of 
50keV and dose volume of 8*10 13 cm" 2 , and flash annealing was 
performed for 10 seconds at 850°C. It was then returned once more 
to the MBE room, and p" GaAs 53 containing 3><10 ,4 cm" 3 Be was 
grown to a thickness of 2500A. Then, an n type Alo.3Gao.7As layer 
55 containing 2><10 13 cm" 3 Si was. formed at a thickness of 500A, an 
Alo.3Gao.7As layer containing 5><10 13 cm~ 2 Be was formed at a 
thickness of 3000A, and a GaAs layer 57 containing the same 
amount of Be was formed (FIG 2 (a)). 

-., Next, using a method resembling that used in embodiment 1, a, 
;rjase electrode 61, collector electrode 62, emitter electrode 60, and 
Schottky electrode 64 for p" type GaAs layer 53 were formed. For 
interelemental separation, groove cutting and separator layer 33 
were employed as they were in embodiment 1 . 

In this transistor, the base layer is formed by means of a 
two-dimensional electron gas formed between n-type AlGaAs layer 
55 and p" GaAs layer 53. 

The film thickness and doping level of the p-n junction between 
emitter layer 56 and n type AlGaAs layer 55, which is a 
two-dimensional electron supply layer and forms the base layer, is 
configured in such a way that there is no neutral region remaining 
in the n type AlGaAs layer. 

The inversion of the sequence of the p-n junction from that of 
embodiment 1 is due to the fact that it is a pnp 2DEG-HBT, and 
that the rote of the electrons and holes is inverted. 

As in embodiment 1, control electrodes facing the buried layers 



were formed. Further, as in embodiment 1, buried p layer or n layer 
can be formed using an epilayer. 

In this manner, because a collector layer and SBD were secured 
with the p-n junction layers, a IK bit SRAM formed with this 
memory cell has a rate of alpha ray soft errors approximately 5 
digits lower than one without buried layers. Further, due to the 
insertion of depleted buffer layers 51 and 52 between collector 
layer 58 and buried layers 48 and 49, there was almost no increase 
in parasitic capacitance. 

Although the present embodiment has been described with a 
GaAs/AlGaAs heteroj unction, other heterojunctions, such as 
InP-InGaAsP, InGaAs/AUnAs, InP-InGaAs, GaAs/Ga or 
AlGaAs/Ga, are also effective. 

The present invention is effective not only as an HBT, but also as 
a homojunction bipolar transistor. 

Further,, an npn type two-dimensional hole gas HBT is also 
effective for the two-dimensional hole gas used for the base layer 
as a countermeasure for the alpha ray soft errors described in the 
present embodiment. 

Further, although the present embodiment has been described 
with a single heteroju notion 2DEQ it is possible to approximately 
double the 2DEG concentration by using a double heterojunction. 

Effect of the Invention 

According to the present invention, because an HBT collector 
layer and Schottky barrier diode are formed and secured between a 
p-n junction semiconductor layer and substrate, the rate of alpha 
ray soft errors is reduced by approximately 4 to 5 digits compared 
with conventional memory cells. Further, in the event that a p-n 
junction area is selectively formed in the substrate, there is no 
increase in the parasitic capacitance in the collector substrate. 

4. Brief Description of the Drawings 

FIG 1 is cross-sectional views and plan views showing 
embodiment 1 according to the present invention. 

FIG 2 is cross-sectional views showing embodiment 2 according 
to the present invention. 

8, 49: p type buried layer 

9, 48: n type buried layer 
14, 54, 55; base layer 

54: two-dimensional electron gas 
1 5: n type AlGaAs (emitter) 
1 6: n type GaAs 

11,51,52: undoped buffer GaAs 
58: p type GaAs collector layer 
12: n type GaAs collector layer 
24, 64: Schottky electrode 

20, 60: emitter electrode 
22, 62: collector electrode 

21, 61: base electrode 
28, 29: control electrode 

33: interelemental separation insulator 

Representative: Katsuo OGAWA, Patent Attorney [seal] 
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